Fluid Mechanics Cheat Sheet

Properties - hydrostatics - continuity - Bernoulli - energy equation - pipe losses

Fluid properties

Conservation laws

Density, specific weight, specific gravity

p = mlV; y = p:g; SG = plpwater

p (kg/m3); y (N/m?); SG dimensionless

Newtonian shear stress

T = p-du/dy

u dynamic viscosity (Pa-s); du/dy velocity gradient (1/s)
Kinematic viscosity

v = ulp

v (m?s); water at 20 °C is about 1.0 x 10°® m?/s

Hydrostatics

Pressure with depth

P=Poy+ pgh

h depth below the free surface (m); P (Pa)
Gauge and absolute pressure
Pabs = Pgauge + Patm

Pam = 101.325 kPa standard

Force on a submerged plane

F =p-ghcA

he depth of the area’s centroid (m); A area (m?)

Centre of pressure

Yp = Ye + lcl(yc-A)

y measured along the plate from the surface (m); I centroidal (m*)
Buoyancy (Archimedes)

FB = Pfluid*d*Vdisplaced
V displaced volume (m3)

Continuity (incompressible)
Q=AV; A1Vi = AV,

Q volume flow (m?3/s); V mean velocity (m/s)
Bernoulli (along a streamline)

Pl(pg) + V?/(2g) + z = constant
Steady, incompressible, inviscid, no pump or turbine; each term in
m of head

Energy equation (pipe systems)
P1Iy + V12I29 + 2z, + hp = ley + V22I29 + 2z +
he + h,

hp pump head; ht turbine head; h. head loss (m)

Momentum (steady control volume)

ZF = pQ*(Vout — Vin)

Vector equation; F (N); one inlet and one outlet

Pump power

Pshaft = P'g'Q'hpIn
n pump efficiency; P (W)

Pipe flow

Reynolds number
Re = p-V:D/p = V-Dlv

D pipe inside diameter (m); laminar below about 2 300 in pipes

Hydraulic diameter
Dn = 4AIPy

P wetted perimeter (m); for non-circular ducts

Darcy-Weisbach head loss
h. = f-(LID)-VZ(2g)

f Darcy friction factor; L pipe length (m)

Laminar friction factor

f = 64/Re

Fully developed laminar flow in a round pipe

Turbulent friction factor (Swamee-Jain)

f = 0.25 / [log10(€/(3.7D) + 5.74/Re%%)]2

€ roughness (m); explicit fit to Colebrook, within a few percent

Minor losses
m = K-V2/(2g)

K loss coefficient of a fitting, valve or entrance

Formulas: standard results from Munson et al. and White; friction factor per Swamee & Jain (1976). Darcy friction factor.
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